Background/Aims: Conversion therapy can convert unresectable metastatic colorectal cancer (mCRC) into resectable. However, the optimal conversion regimen was not yet defined. This meta-analysis aimed to compare the efficacy and safety of the triplet chemotherapy (FOLFOXIRI) plus bevacizumab (Bev) with doublet chemotherapy (FOLFOX/FOLFIRI) plus Bev in conversion therapy. Methods: Randomized controlled trials (RCTs) from databases, including Pubmed, EMBASE, Cochrane clinical trials, clinicaltrial.gov and some conferences, were searched from the inception to November 2017. The R0 resection, objective response rate (ORR), progression-free survival (PFS), overall survival (OS) and the incidence of adverse events were pooled with the use of hazard ratio (HR) or risk ratio (RR). Results: Four RCTs with 1013 patients were included. FOLFOXIRI plus Bev regimen significantly improved the overall R0 resection rate (RR 1.41, 95% confidence interval (CI) 1.07-1.85, I
Introduction
Colorectal cancer (CRC) is the third most frequently occurring cancer, with the second most common cause of death in men and third in female [1] . Approximately 25% of patients who initially diagnosed colorectal cancer have synchronous liver metastasis, while another 25% of patients will develop liver metastasis after radical resection of the primary lesion [2] . Evidence indicated that the resection of metastases had significant survival benefits and offers the possibility of cure [3, 4] . The 5-year survival rate in patients with unresectable liver metastases is close to 0% [5] , while in patients with resectable metastatic patients it approaches 43%-50% [6, 7] . Additionally, 10%-20% of metastases are found in the lung s and the resection of lung metastases provides 5-year survival rates of 25% -35% in carefully selected patients. And the European Society of Medical Oncology (ESMO) guidelines also recommend R0 resection of lung metastases [8] .
Conversion therapy transforms technically unresectable colorectal metastases into resectable status by systemic therapy, and the majority (80%-90%) of the liver metastases can not get radical resection [2] . The overall survival of patients who undergo radical surgery after conversion therapy is close to patients with initially resectable metastatic CRC (mCRC) [9] [10] [11] . Thus, to obtain optimal regression of metastases, unresectable mCRC patients should take a more aggressive treatment with the application of effective strong chemotherapeutic regimen [12] .
Bevacizumab (Bev) plus triplet regimen (FOLFOXIRI-leucovorin, fluorouracil, oxaliplatin, and irinotecan) and doublet regimens (FOLFOX-leucovorin, fluorouracil, and oxaliplatin; FOLFIRI-leucovorin, fluorouracil, and irinotecan) are both standard options for conversion therapy [12] . Studies have reported that FOLFOXIRI regimen can improve survival benefits compared with FOLFIRI [13, 14] , which is also validated in a meta-analysis [15] . A randomized controlled trial (RCT) comparing FOLFOX-Bev with FOLFIRI-Bev showed that both had equivalent activity and efficacy in patients with mCRC [16] . Recently, a pooled analysis showed that the probability of conversion in patients with mCRC approached nearly 40% with the use of FOLFOXIRI-Bev [17] . However, the comparison between FOLFOXIRIBev and FOLFOX-Bev/FOLFIRI-Bev has never been systematically evaluated in conversion therapy. Considering the FOLFOXIRI-Bev regimen could be associated with more toxicity, this systematic review and meta-analysis were performed to compare the efficacy and safety of FOLFOXIR-Bev with FOLFOX-Bev/FOLFIRI-Bev.
Materials and Methods

Literature search and inclusion criteria
Focused on published RCT, articles from databases including Pubmed, EMBASE and Cochrane clinical trials were searched from the inception to November 2017. The databases of Clinicaltrial.gov, American Society of Clinical Oncology (ASCO) and ESMO were also searched. The searching terms were used: "FOLFOXIRI", "FOLFOX", "FOLFIRI", "XELOX", "bevacizumab", "Avastin", and "colorectal cancer". Evidence showed that FOLFOX-Bev and FOLFIRI-Bev had equivalent efficacy [16] , including objective response rate (ORR), progression-free survival (PFS) and overall survival (OS), so both FOLFOX-Bev and FOLFIRI-Bev regimens were included in the control group. No limit language of the published articles. In addition, no trials using XELOX were searched to meet our inclusion criteria.
The purpose of this meta-analysis was to establish the link between two regimens, thus only RCTs that directly compare the two regimens could be included. The inclusion criteria were as follows: (1) Bev/FOLFIRI-Bev regimens; (3) available data that can be pooled. Two investigators searched and reviewed all identified studies independently. If the two investigators were not able to reach a consensus about the eligibility of an article, it was resolved by discussions with a third reviewer.
Data extraction and quality assessment
The following data were extracted from each study by two investigators independently: the primary endpoint, publication year, characteristics of enrolled patients, study design, the regimens of chemotherapy, the number of participants, and outcomes of the various subgroup. The data of outcome were extracted as follow: the R0 resection rate of metastases, ORR, PFS, OS and the incidence of adverse events. When a trial had two intervention groups, only one intervention group that most closely resembles the other trials was selected [18] . Focused on conversion therapy, R0 resection rate was the primary outcome of our study. According to the incidence of events, the five most common adverse events were selected for analysis.
The quality of included trials was assessed with the use of the Cochrane Collaboration's tool and with reference to the Cochrane handbook. The risk of bias assessment was expressed in three types: low risk (+), unclear risk (?) or high risk (-) of bias for each study [18] . Part of the data and quality evaluation were based on data published on clinicaltrial.gov. All process was performed by two reviewers independently and disagreements were discussed to reach a consensus.
Statistical analysis
The meta-analysis was conducted using RevMan software version 5.3 (The Nordic Cochrane Center, Cochrane Collaboration). The 95% confidence interval (CI) of all results was calculated and extracted. Timeto-event endpoints (PFS and OS) were pooled with the use of hazard ratio (HR). In survival analysis, the hazard ratio can be interpreted as the incidence of progress or death. The ORR, the R0 resection rates and incidence of adverse events were pooled through risk ratio (RR). Subgroup analyses were adopted to assess the outcomes of patients with different RAS or BRAF status. All the outcome were extracted directly from the reports. Heterogeneity among the included studies was qualitatively evaluated using a χ 2 -based Q test [18] . The P heterogeneity less than 0.05 showed that there was significant heterogeneity across the studies [15] . The level of statistical heterogeneity between studies was evaluated by I 2 statistics [19] . When I 2 was less than 30%, 30% to 50% and more than 50%, respectively, there was a low, moderate and high heterogeneity [20] .. The fixed-effects was applied when I 2 ≤ 50%, and the randomeffects model was applied when I 2 ≥ 50% [21] . Due to the small number of included trials (<10), we did not examine publication bias with Begg and Egger tests [18, 22, 23] .
Results
Characteristics and quality of included studies
Totally four RCTs with 1013 patients were included in the meta-analysis [24] [25] [26] [27] . Some data were updated by the results of subsequent reports [28] [29] [30] . The process of study selection is illustrated in Fig. 1 . By reason of study protocol, we ruled out four trials, which used Bev in maintenance therapy or used both Bev and Cetuximab in the experimental group. The main Fig.1 The efficacy results of included trials are presented in Table 2 . The R0 resection rate, ORR, PFS and OS were reported in four RCTs. And the PFS for mCRC patients in RAS and BRAF subgroups is demonstrated in Table 3 . Due to STEAM and CHARTA tests were published as abstract, the random generation, attrition bias, and other bias were judged as unclear. The outcome of the trials was not likely to be affected by the lack of blinding, therefore, performance bias and detection bias were judged as low risk [18] . The risk of bias was summarized as low risk (Fig. 2 ).
R0 resection rate
As an important result in conversion therapy, R0 resection rates were reported in all four RCTs. The pooled RR of overall R0 resection rate (any site of metastases) was 1.41 (95% CI 1.07-1.85, I 2 =37%). To liver R0 resection rate, the pooled RR of two trials was 2.28 (95% CI 1.34-3.89, I 2 =0%). There was an increase of 36% in the overall R0 resection rate and 128% in liver R0 resection rate over doublet chemotherapy plus Bev (Fig. 3) . 
Objective response rate FOLFOXIRI-Bev was associated with a clear benefit in ORR. The pooled RR was 1.20 (95% CI 1.09-1.32, I 2 =0%). With the development of surgical techniques and conceptions, a high ORR would increase the probability of conversion to resectable mCRC (Fig. 4) .
Survival benefits
As the primary endpoint of three trials, the PFS was significantly improved (HR 0.72, 95% CI 0.62-0.84, I (Fig. 6) .
Adverse events
The pooled RRs of any Grade≥3 adverse events and five common adverse events (Grade≥3) are presented in Fig. 7 
=36%).
Discussion
The significant survival benefit of mCRC patients who become resectable after conversion therapy is close to initially resectable patients, which makes the application of a more aggressive regimen crucial for patients in conversion therapy [2] . Cytotoxic drug combined with targeted agents is the new and effective choice to improve the rate of conversion. Findings in this meta-analysis showed that FOLFOXIRI-Bev significantly increased the R0 resection rate of overall metastases and liver metastases (30% and 128%, respectively) over the doublet chemotherapy plus Bev. A number of studies have shown a great superiority in conversion rate with FOLFOXIRI-Bev. The resection of metastases was the potentially curative therapy of mCRC [3, 4] . A pooled analysis of 29 published trials indicated that the resection rate of metastases (any site) was 9.3% and the resection rate of liver metastases was 18% in FOLFIRI-Bev regimen [31] . Meanwhile, a pooled analysis of patients with liverlimited mCRC, which pooled results of three trials and showed that FOLFOXIRI-Bev had considerable R0 resection rates and survival benefits [32] . Another pooled analysis of 11 studies manifested the R0 resection rate of overall metastases and liver metastases was 28.1% and 54.7%, respectively, in FOLFOXIRI-Bev regimen [17] . These studies have shown consistently, either directly or indirectly, that FOLFOXIRI had a higher conversion rate. Cellular Physiology and Biochemistry
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In addition, a higher ORR in FOLFOXIRI-Bev regimen implies a higher possibility of metastases resection. Due to the regenerative capacity of the liver, portal vein embolization and two-stage hepatectomy can be used to increase resectability. Preoperative portal vein thrombosis is a technique that occluded the portal system on one side and causes contralateral lobule hypertrophy, thus stimulate liver regeneration before hepatectomy. Two-stage hepatectomy is the resection of one side of liver in first-stage, followed by a second-stage resection of the other side of the liver after liver regeneration, which often used in bilateral multinodular colorectal liver metastases that are considered unresectable in one hepatectomy. During the period of liver regeneration, the use of a regimen with high response rate can further improve the resectability. Over the past decades, the definition of resectable metastases remains unclear and the surgical selection criteria have been expanded, then the liver metastases surgical management have a tendency to smaller resection margins and aggressive surgeries [33] . These emerging surgical techniques and conceptions offer more opportunities to extend the benefits of surgery to those previously considered unresectable. In our study, FOLFOXIRI-Bev prolonged the PFS and OS in patients with mCRC, even in patients who failed conversion. It means that even if the conversion therapy fails, the FOLFOXIRI-Bev would bring clear survival benefits. Although the numerical value of pooled OS did not change significantly from the OS in the TRIBE trial, the reliability of the OS benefit was increased. However, OS as a secondary endpoint, differences in subsequent therapies may affect the OS benefit, thus the OS benefit needs further study.
Subgroup analyses based on gene mutations were performed in this study, and the differences in survival benefits for left-side and right-side colon cancers was reported in TRIBE and CHARTA trials. The results of the subgroup analysis showed that the benefits of the FOLFOXIRI plus Bev regimen were not related to the RAS mutation status. However, the RAS wild-type cohort probably included the BRAF-mutant cases. And the TRIBE trial also reported no significant differences in the therapeutic effects of the RAS and BRAF molecular subgroups. Unfortunately, there was no data of R0 resection rates, hence the difference of conversion between two regimens in molecular subgroup could not be evaluated accurately. In colorectal cancer, European Society of Medical Oncology (ESMO) has recommended FOLFOXIRI plus Bev regimen for patients with RAS wild-type right-sided tumors for the purpose of cytoreduction. In the CHARTA trial, PFS for left-sided tumors was 12 months and 10.4 months (3-drugs + Bev and 2-drugs + Bev, respectively, HR=0.73, 95% CI 0.53-1.00), and PFS for right-sided tumors was 10.7 months and 8.2 months (3-drugs + Bev and 2-drugs + Bev, respectively, HR=0.81, 95% CI 0.47-1.38). In the TRIBE trial, FOLFOXIRI-Bev prolonged OS in the right-sided tumors (HR=0.68, 95% CI 0.47-0.99) compared with the 2-drugs plus Bev, and OS was not significantly different in the left-sided tumors (HR=0.88, 95% CI 0.68-1.14). However, these non-statistically significant results of these subgroup analyses need to be interpreted carefully, because it does not take into account mutations in RAS and other genes as well as the principle of randomization were not ensured.
Adverse events could be the most important reason for restricting the choice of the FOLFOXIRI-Bev. The pooled RR of OLIVIA and STEAM trial demonstrated that the incidence of any Grade≥3 adverse events was similar in two regimens. Moreover, the TRIBE trial demonstrated that FOLFOXIRI-Bev did not increase treatment-related serious adverse events over FOLFIRI-Bev (20.4% versus 19.7%) [24] . In the result of OLIVIA, STEAM and TRIBE trials, there was no difference in the incidence of fatal adverse events between two groups. Additionally, the bevacizumab-related adverse events did not differ for different chemotherapy regimens. The high incidence of neutropenia and diarrhea is a noteworthy issue, and a meta-analysis showed that patient's withdrawal due to adverse events was more in the FOLFOXIRI± Bev group than that in FOLFOX± Bev /FOLFIRI ± Bev group [34] . Based on intent-to-treat analysis, the STEAM trial reported TEAE leading to withdrawal with 41% and 38% for the 3-drug plus Bev and 2-drug plus Bev, respectively. However, several trials and reviews, including the RCTs included in this meta-analysis, suggested that the toxicity from FOLFOXIRI-Bev is tolerable and manageable [15, 35, 36] of adverse events of FOLFOXIRI-Bev was summarized in a review [37] . For diarrhea, loperamide, probiotics, octreotide or tincture of opium may be effective prevention agents. For neutropenia, the prevention using granulocyte colony-stimulating factor (G-CSF) can be a choice in patients who previously experienced febrile neutropenia. In short, adverse events should be closely monitored and managed to reduce treatment-related discontinuation.
Assessing the feasibility of FOLFOXIRI-Bev regimen in conversion therapy and choosing the appropriate patients have become a matter of great concern in recent years. An abstract of the METHEP-2 randomized trial reported that the first-line FOLFOXIRI plus targeted agents (Bev or cetuximab depends on RAS status) showed a higher R0/R1 resection rate than the doublet regimen (FOLFIRI or FOLFOX) plus targeted agents in mCRC patients, with statistically significant OS benefit [38] . To some extent, this trial implied the superiority of FOLFOXIRI-Bev in conversion therapy. However, it needs to be further reported the detailed data of R0 resection rate as well as the direct comparison data of FOLFOXIRI plus Bev and doublet regimen plus Bev. The ongoing CAIRO5 study, a multicenter, phase 3 RCT, was designed to select the optimal conversion therapy regimen, comparing the efficacy between doublet regimen plus Bev and triplet regimen plus Bev, in mCRC patients with RAS mutation [39] . A meta-analysis showed that first-line cetuximab/panitumumab plus chemotherapy increased ORR and OS compared with Bev plus chemotherapy in mCRC patients with RAS wild-type. However, there was no difference in resection rate and PFS between the two regimens [40] . Given that epidermal growth factor receptor (EGFR) inhibitors are less effective in mCRC patients with RAS or BRAF mutations [41] [42] [43] , FOLFOXIRI-Bev could be a viable option in conversion therapy for mCRC patients with RAS or BRAF mutations [37, 44] .
It is noteworthy that alternative chemotherapy using three drugs may not bring clinical benefits as intensive triplet chemotherapy. The STEAM trial designed a sequential sFOLFOXIRI-Bev arm, which was not included in this meta-analysis, and the arm used alternating doublet chemotherapy (alternating FOLFOX and FOLFIRI every 4 weeks) plus Bev. It showed that there was no difference in PFS (HR 0.7, 95% CI 0.47-1.05), OS (HR 1.00, 95% CI 0.65-1.53) and R0 resection rate (RR 1.38, 95% CI 0.50-3.81) between alternating doublet chemotherapy plus Bev and doublet chemotherapy plus Bev [26, 29] .
To our knowledge, this is the first meta-analysis to directly compare which of the two regimens is more effective and tolerable in conversion therapy. Several studies that not focused on the conversion therapy have been published: two pooled analyzes that included many single-arm trials or cohort studies evaluated the efficacy of FOLFOXIRI-Bev or doublet chemotherapy plus Bev independently, without direct comparison data of others regimens [16, 25] . And three systematic reviews [27, 38, [45] ] showed the superiority of FOLFOXIRI plus targeted agents, included Bev, Cetuximab and Panitumumab, which had no head-tohead comparison or had no pooled data of R0 resection rate.
Limitation of this meta-analysis should be pointed out. Firstly, the small sample size, only four RCTs were included, and that was insufficient to do sensitivity analysis and Begg tests. Secondly, the primary endpoint of the trial and the reported results, only the OLIVIA trial was designed with R0 resection as the primary endpoint. And the incidence of specific adverse events was not reported in the STEAM and CHARTA trials. Thirdly, the differences in patient characteristics. For example, OLIVIA enrolled patients with only liver metastases, whereas other trials enrolled patients without this limitation. This may also be the reason that the R0 resection rate as high as 54% in OLIVIA trail and other trials only 15% -20%. Unfortunately, we failed to retrieve other clinical trials that directly compared triplet chemotherapy plus Bev with doublet chemotherapy plus Bev in liver-limited metastatic colorectal cancer patients, including retrospective studies. Finally, we only included the present published trial data, without the analysis of individual patients data. However, this meta-analysis directly and systematically compared the triplet regimen plus Bev with doublet regimen plus Bev, providing a high level of evidence for the feasibility and superiority of the FOLFOXIRI plus Bev in conversion therapy.
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